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e Background: History of interacting with USEPA on the chloroprene PBPK model

as part of the Request for Correction

e Evidence demonstrating the need for a PBPK correction
e Why use a PBPK model?

e Mode of action considerations

e The updated PBPK model for chloroprene

e Model testing and validation

o Uncertainty analysis

e Conclusions
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2016

e Initial Denka Performance Elastomer (DPE)/Ramboll meeting with USEPA to discuss updating the 2010 IRIS
Assessment, which included the Himmelstein (2004a,b) model.

2017

e USEPA conducted a quality review of an earlier published PBPK model (Yang et al. 2012) as part of the
Request for Correction, raising concerns regarding its reliance on in vitro data.

2018

e Submitted DPE/Ramboll updated PBPK model to USEPA, and addressed questions raised during the Request
for Correction review, including the reliance on in vitro data.

e Developed protocol for a USEPA-requested experiment to determine a chloroprene mass-transport
parameter (Kgl).

2019
e Conducted the Kgl experiment with DPE based on an USEPA-approved protocol.

¢ Modified the Ramboll PBPK model to incorporate Kgl, considering discussions and recommendations from
Dr. Schlosser.

2020
e January: Revised chloroprene PBPK model published in Inhalation Toxicology (Clewell et al. 2020).
e February: Chloroprene weight of evidence analysis published in print in Risk Analysis (Sax et al. 2020).

e April: Submitted chloroprene PBPK model documentation (Ramboll 2020) to USEPA for peer review.
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Application of the PBPK model explains the differences across animal species (Himmelstein et al.
2004b), as well as the differences between animals and humans (Allen et al. 2014).

USEPA (2010) IRIS Assessment for Chloroprene notes that “a PBPK model for the internal dose(s)
of the reactive metabolite(s) would decrease some of the quantitative uncertainty in interspecies
extrapolation.”

The USEPA (2005) “Guidelines for Carcinogen Risk Assessment” note that toxicokinetic or PBPK
modeling is the preferred approach for estimating dose metrics from exposure.

PBPK-derived estimates are necessary so that results are more consistent with cancer incidence
observed in occupational studies; Marsh et al. (2007) found no evidence of excess cancer risk in a
cohort of over 12,000 workers (1,100 from the Louisiana plant alone) i.e., none of the observed
cancers were shown to be associated with chloroprene compared to local county cancer rates.

Lung cancer incidence rates reported by the Louisiana Tumor Registry for St. John the

Baptist Parish (where DPE is located) are lower than state cancer rates, indicating no excess lung
cancers in the communities around the plant; other cancer rates are also lower or no different
than state rates (Maniscalco et al. 2020).

All the lines of evidence are outlined in Sax et al. (2020) and indicate a need for PBPK correction.

SAaMDO
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e Inhaled chloroprene concentration does not g "
correlate with observed lung tumor S o4 *
incidence for different species in the g
chloroprene bioassays (top figure). £ oz e
e The use of a PBPK model to predict total vod e .
metabolism of chloroprene in the lung A e e
provided a consistent prediction of the lung e  Exposure concentration (bm) |
tumor incidence in mice, rats and 1 B | - A
hamsters. 08
e The use of a dose metric based on tissue g os
metabolism is consistent with the mode of £ .

i ; : T ®  BECIF1T mouse
action for chloroprene i.e., metabolic g o < Fischer ra
production of reactive epoxides. & Wistar rat

.3 & Harmster
........................................... %i&i’iﬁs}i%§& mﬁ{ﬁ@g
2 A 5 IR 98% Lower bound
o | 4 " & | 8
irernal dose (AMPLU, mgfoidey)
— Himmelstein et al. (2004b) °
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e The revised PBPK model confirms the results
from Himmelstein et al. 2004b, but indicates
Multistage Cancer Model that, ba_sed on target ti_ssue dose, the female
1 mouse is more susceptible to the effects of
I the chloroprene epoxides compared to male
® BECIEL Female mice and other species.
0.5 - /E Mice
& BGEC3FL Male * The female mouse lung also demonstrated a
® Mice more sensitive genomic response to
T 06 o # Fischer Female oxidative stress from chloroprene than the
8 Rat female rat lung (Thomas et al. 2013).
P @ Fischer Male
& 04 - Rat e Studies with other chemicals provide
o @ Syrian Male evidence of a proliferative response to
- e J Hamster toxicity by Club cells in the female mouse
:ﬁ:m Female lung that is not observed in the male mouse
] .
v lung (Yamada et al. 2017) and is not
— Biultistage . . . .
Model explained by differences in metabolism (Van
Winkle et al. 2002, Sutherland et al. 2012).
0 2 4 6 8 10
Doses (Amount Metabolized in Lung) e Using the internal dose metrics from the
highly susceptible female mouse results in a
Clewell et al. (2020)/Ramboll (2020) ghly ptib . | .
—— more conservative (higher) risk estimate. )
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Chloroprene is not in itself carcinogenic; tissue metabolism of chloroprene to highly
reactive chloroalkyl epoxides is responsible for tumors observed in the cancer bioassays.

The high reactivity of the chloro-epoxides limits their effects to the tissue in which they
are generated.

In contrast to the stable alkyl epoxides produced by the metabolism of chemicals like
ethylene and butadiene, where clearance is by further metabolism and blood flow, the
clearance of the chloroalkyl epoxides is by direct chemical reaction and is species
invariant.

Therefore, the appropriate dose metric is the total daily production of epoxides in the
tissue of concern divided by the tissue volume (Andersen et al. 1987).

Dose metrics based on chloroprene concentrations, whether in the inhaled air, blood or
tissues, are not consistent with the mode of action and provide seriously erroneous
estimates of risk for chemicals with the same mode of action as chloroprene (e.qg.,
methylene chloride and vinyl chloride).
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QP QP
e Structure based on PBPK model of methylene inhale o1 | Alveolar space, ox . Exhale
chloride (Andersen et al. 1987). ac [V N ? Qc
cv Lung CA
e Parameters obtained from the literature: Ty
Metabolism
o Physiological parameters: Brown et al. (1997)
Slowly perfused Qs
o Partition coefficients: Himmelstein et al. (2004b) CVvS|___ fissuegroup J| =~ ¢ca
o Metabolism parameters: Himmelstein et al. (2004a) i " Rapidly perfused | _ QR
and Yang et al. (2012) CVR||  ftissuegroup || CA
. - G ] oF
e Code: R programming language <gvF| Fattissuegroup || <t
o R-scripts for running mouse validation study and - L
dose metrics in mouse, rat and human. nraTN Liver T
o Documentation provided for all parameters. o
Metabolism
QK
pAMBODL | Metabolism
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e Validation against the in vivo data

e Ramboll tested the chloroprene PBPK model and found it was able to reproduce the blood
concentrations reported in both the single and repeated exposure in vivo studies.

e Ramboll evaluated the minute ventilation data from the chloroprene single exposure study and the
metabolism induction data from the repeated exposure study and determined that there was no
evidence of reduced ventilation or induction of metabolism in response to chloroprene exposure.

e Re-estimation of model parameters and consistency across tissues and genders

o At the request of USEPA, Ramboll investigated the impact of re-estimating the published estimates
from Yang et al. (2012) using an additional estimated mass transport parameter (Kgl) suggested
by USEPA.

e Ramboll conducted an analysis of the impact of the alternative parameter estimates on resulting
dose metrics.

e Scale-up of in vitro data

e A metabolism expert, Dr. Miyoung Yoon (now with USFDA), collaborated with Ramboll on the
approach for conducting quantitative in vitro to in vivo extrapolation of the in vitro metabolism
data.

B

i
%

ED_006848_00002018-00010



R R

s

T
%,

i

p
i
sz

%z

v

e S ON
%

2
- |
»
i,
.

i

S e
|

i
2oz
s
g
.
w
g
Pz
b

g & o & 8 o

6-hour inhalation exposures of female mice to chloroprene (Clewell et al. 2020).

 The model predictions fit the in vivo results very well (within a factor of 2 of the means of
animal data) with no adjustment of parameters.
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Minute ventilation during 6-hour inhalation exposures of female mice to chloroprene (Clewell et al. 2020)

100
* Plot shows measured ;
pulmonary ventilation (ml/min) e —
as a function of chloroprene :
. 1 T
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£ 4 S A A i B e A B A
« Results show that minute z | {
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USEPA raised questions regarding the transfer of chloroprene from the air to the

media (Kgl) in the vials and how this could have affected the observed clearance

rates reported in Himmelstein et al. (2004a) metabolism studies.

« At the request of USEPA, a new experimental study was performed to estimate a

Kgl for chloroprene, following a protocol based on a benzene study conducted by

Schlosser et al. (1993).

 The application of these data into the model demonstrated that the experimental

value of Kgl obtained in this study was inconsistent with the high rates of liver

metabolism reported in Himmelstein et al. (2004a).

 Therefore, Ramboll re-estimated the Kgl from the metabolism study data using an

approach suggested by Dr. Schlosser (personal communication), which is based on
the ratio of the mixing rates in the new Kgl study and the Himmelstein et al.

(2004a) study.
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An experimental Kgl is critically dependent on the nature of mixing. It is difficult to
apply a Kgl estimated from one experimental design to another, different design.

As mixing increases, the transition from diffusion to laminar convection and then to
turbulent convection increases the rate of mass transfer in a nonlinear manner.

Based on the experimental metabolism data, we believe that more effective mixing
and non-specific binding to microsomes increased the rate of transport of
chloroprene in those studies.

The investigator who conducted the study considered the possibility of slow mixing
when he designed the study and is confident that the system was well mixed.

We were able to obtain an acceptable fit to the data without using Kgl.

Incorporating this additional, unsupported parameter (Kgl) results in a more
uncertain analysis.
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Because the data spans concentrations from above to below saturation it was possible to

estimate reliable values of both the capacity (Vmax) and affinity (Km) of metabolism

Ramboll (2020) »

control vials; Solid symbols: metabolism vials

Open circles

&
\

S

7

i

a

&

L

k|

i
x

.

g

ED_006848_00002018-00020



§

%
Y

o
7,
i

s

i
o

k4
G

L

W\\\\\\\
%
-

:
K

w\w\\x

vz
>
4y,
Z

S

\ ¥

ey
T,

i

x“\‘:‘\“t‘:&l

g

.y

SR

W

#
iy

\\&
%

7

&
il

%

18
Vi

-3

i i

Because the data spans concentrations from above to below saturation it was possible to

estimate reliable values of both the capacity (Vmax) and affinity (Km) of metabolism.
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e The approach used in this effort was designed by Dr. Miyoung Yoon (now with USFDA),
an internationally recognized expert in IVIVE, and reflect the state of the art for
quantitative in vitro to in vivo extrapolation (QIVIVE).

e QIVIVE should not be confused with rapid screening IVIVE approaches such as the
USEPA httk modeling software, which is designed to make rapid predictions with
minimal data to support interpretation of HTS results.

e The USEPA Office of Pesticides has accepted the use of PBPK models using IVIVE of

microsomal metabolism data to support their evaluations of early life sensitivity to
pesticides.

e The FDA routinely accepts microsomal metabolism data and PBPK modeling to predict
drug-drug interactions in vivo.

e Uncertainty in the human lung metabolism of chloroprene was addressed using the
approach from the USEPA (2011) methylene chloride IRIS assessment, which used a
measure of the relative CYP abundance in human liver and lung (Andersen et al. 1987).
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e An uncertainty analysis was conducted on the PBPK model and the results are
presented in the publication documenting the application of the model in a risk

assessment for lung tumors (Clewell et al. 2020).

e The Ramboll (2020) report does not estimate quantitative uncertainty in the PBPK
model because the USEPA specifically requested that the report not include any
discussion related to estimation of risks.

o It is our understanding that the USEPA intends to conduct additional uncertainty
analyses to evaluate the impacts on the cancer unit risk estimate.

« For this review we performed a comparison of the dose metric predictions obtained
with the newly revised chloroprene PBPK model against those obtained using the
original published model (Yang et al. 2012).

o Despite major differences in the approaches taken for metabolism parameter
estimation and in vitro to in vivo extrapolation, the two model versions produce
almost identical dose metrics, demonstrating the robustness of the PBPK model
predictions.
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PBPK modeling is the preferred approach for cross-species extrapolation (USEPA 2005)
because it considers the large pharmacokinetic differences demonstrated between mice and
humans for chemicals such as chloroprene.

A validated PBPK model has been developed and documented, and the results have been
published in a peer-reviewed journal (Clewell et al. 2020).

The Ramboll team appreciates the interaction with USEPA scientists to further validate and
improve the model and make it accessible to others.

We have high confidence in the chloroprene PBPK model due to its similarity to previously
accepted PBPK models and the robustness of the in vitro data on which it is based. It is likely
better than data you would obtain from in vivo studies. Kenyon et al. (2020) have shown that
in vitro estimates of metabolism for similar volatile organic compounds are generally within a
factor of two to three of estimates inferred from in vivo studies

Ramboll has determined that the impact of uncertainties in the PBPK model is small compared
to the impact associated with ignoring important species differences in target tissue dosimetry
(i.e. relying on default assumptions).

The PBPK model indicates a need for revising the 2010 IRIS assessment to provide a
corrected cancer unit risk based on the best available science.

aaMBd 27
\\Q\Q\\\\x L \

ED_006848_00002018-00027



Robinan Gentry
Harvey Clewell

e
7
o
4

Bt

R

ey

e,
]
e
o,
i
ettt
e
prd
i

Sy

g

Py

-
&
§

5
s

§

Mel Andersen
Bruce Allen

g

j

b

R vy

7
7
(9
£
i

ey

e
ot

prereees

oot

prseen

REsvesees

Bdhont

Cynthia Van Landingham

-
7

s

P
o,
%
i
Py
io%

wondoancd

o
7

P
e
ik
gt

)
v,
Py~
gy
iy
Hoaer?
e
Y
Hhaon
o
i
% %t
-
e
v,
Pt
T
Tl
w5
7%
Fnnt

&
S

R

\\\

4

™

5

f

S
S

i
B

Sl

.

e

A

X

&

2,
H

b

g
s
g

P
.

.

Sonja Sax

Jerry Campbell

i

28

R

-

ED_006848_00002018-00028



V////é///’//

wy e
§

\\\\w

\\\x

T \\\\\ \\\ ‘Q\\\\\\‘:}\\\\\\\\\\\
\\\k\\ \\\

SHE \\\\\\
&\\\ \\\\\x \\\\\\\\\\\\\Q‘

y

P
//

//

////

/;f’

s

Allen BC, Van Landingham C, Yang Y, Youk AO, Marsh GM, Esmen N, Gentry PR, Clewell H] III, Himmelstein MW. 2014. A constrained maximum
likelihood approach to evaluate the impact of dose metric on cancer risk assessment: Application to b-chloroprene. Regulatory Toxicology and
Pharmacology 70(1): 203-213.

Andersen ME, Clewell H] III, Gargas ML, Smith FA, Reitz RH. 1987. Physiologically based pharmacokinetics and the risk assessment process for
methylene chloride. Toxicology and Applied Pharmacology 87(2): 185-205.

Brown RP, Delp MD, Lindstedt SL, Rhomberg LR, Beliles RP. 1997. Physiological parameter values for physiologically based pharmacokinetic
models. Toxicology and Industrial Health 13(4):407-484.

Clewell H], Campbell JL, Van Landingham C, Franzen A, Yoon M, Dodd, DE, Andersen ME, Gentry, PR. 2020. Incorporation of in vitro

metabolism data and physiologically based pharmacokinetic modeling in a risk assessment for chloroprene. Inhalation Toxicology 31(13-14):
468-483.

Clewell H], Gentry PR, Covington TR, Gearhart JM. 2000. Development of a physiologically based pharmacokinetic model of trichloroethylene
and its metabolites for use in risk assessment. Environmental Health Perspectives 108 (suppl 2):283-305.

Himmelstein MW, Carpenter SC, Evans MV, Hinderliter PM, Kenyon EM. 2004a. Kinetic modeling of beta-chloroprene metabolism: II. The
application of physiologically based modeling for cancer dose response analysis. Toxicological Sciences 79(1): 28-37.

Himmelstein MW, Carpenter SC, Hinderliter PM. 2004b. Kinetic modeling of beta-chloroprene metabolism: I. In vitro rates in liver and lung
tissue fractions from mice, rats, hamsters, and humans. Toxicological Sciences 79(1): 18-27.

Kenyon EM, Eklund C, Pegram RA, Lipscomb JC. 2020. Comparison of in vivo derived and scaled in vitro metabolic rate constants for several
volatile organic compounds (VOCs). Toxicology in Vitro Vol. 69, 105002.

Maniscalco L, Lefante C, Hsieh M, Yi Y, Pareti L, Mumphrey B, Lynch MA, and Wu XC (eds). Cancer in Louisiana, 2013-2017. New Orleans:
Louisiana Tumor Registry, 2020. (Cancer in Louisiana; Vol. 35.).

Marino DJ, Clewell H], Gentry PR, Covington TR, Hack CE, David RM, Morgott DA. 2006. Revised assessment of cancer risk to dichloromethane
I: Bayesian PBPK and dose-response modeling in mice. Regulatory Toxicology and Pharmacology 45(1):44-54.

Marsh GM, Youk AO, Buchanich JM, Cunningham M, Esmen, NA Hall, TA, Phillips ML. 2007. Mortality patterns among industrial workers exposed
to chloroprene and other substances. I. General mortality patterns. Chemico-Biological Interactions 166(1-3), 285-300.

pamMBd
§\\§ \X\\X\ 29

ED_006848_00002018-00029



5

«‘/}
i

/
/
b

{/ff/’fff’///xf,,
7
H

4
2/
7

,
%
-
A
W

/
B
]
s
%

\\\\\ \\\\ \\\ \ \\\ \ \\\\ \\\ ~;~
\i\w\\\\\\\\\\%\ Q \\\\\\\
\\\\\ \ \\\\\~\ \\‘&\\\\\\*«

#

Ramboll. 2020. Incorporation of in vitro metabolism data in a physiologically based pharmacokinetic (PBPK) model for chloroprene. April
23, 2020.

Sax SN, Gentry PR, Van Landingham C, Clewell H], Mundt KA. 2020. Extended Analysis and Evidence Integration of Chloroprene as a
Human Carcinogen. Risk Analysis 40: 294-318.

Schlosser PM, Bond JA, Medinsky MA. 1993. Benzene and phenol metabolism by mouse and rat liver microsomes. Carcinogenesis
14(12): 2477-2486.

Sutherland KM, Edwards PC, Combs TJ, Van Winkle LS. 2012. Sex differences in the development of airway epithelial tolerance to
naphthalene. American Journal of Physiology-Lung Cellular and Molecular Physiology 302(1):L68-81.

Thomas RS, Himmelstein MW, Clewell H], Yang Y, Healy E Black, M. B., & Andersen, M. E. 2013. Cross-species transcriptomic analysis of
mouse and rat lung exposed to chloroprene. Toxicological Sciences 131(2),629-640.

United States Environmental Protection Agency (USEPA). 2005. Guidelines for carcinogen risk assessment. Risk Assessment Forum.
Washington, DC. EPA/630/P-03/001F.

United States Environmental Protection Agency (USEPA). 2010. Toxicological review of chloroprene: CAS No. 126-99-8 In support of
summary information on the Integrated Risk information System (IRIS). National Center for Environmental Assessment. Office of
Research and Development. Washington, DC. EPA/635/R-09/010F.

United States Environmental Protection Agency (USEPA). 2011. Dichloromethane: CASRN 75-09-2. Integrated Risk Information System
(IRIS): Chemical Assessment Summary. United States Environmental Protection Agency. National Center for Environmental Assessment.
Washington, DC.

Van Winkle LS, Gunderson AD, Shimizu JA, Baker GL, Brown CD.2002. Gender differences in naphthalene metabolism and naphthalene-
induced acute lung injury. American Journal of Physiology 282(5):L1122-1L1134.

Yamada T, Kondo M, Miyata K, Ogata K, Kushida M, Sumida K, Kawamura S, Osimitz TG, Lake BG, Cohen SM. 2017. An evaluation of
the human relevance of the lung tumors observed in female mice treated with permethrin based on mode of action. Toxicological
Sciences 157(2):465-486.

Yang Y, Himmelstein MW, Clewell H] III. 2012. Kinetic modeling of b-chloroprene metabolism: Probabilistic in vitro—~in vivo extrapolation
of metabolism in the lung, liver and kidneys of mice, rats and humans. Toxicology in Vitro 26(6): 1047-1055.

30

/

BAMD
\\\x\\\\\\x%\

ED_006848_00002018-00030



